
-& 
copy 44 
m SL~GQ~ ‘L’~ / 

_c ,.~.,~,., ,c, .,,‘..^, _‘. -.r,*-. 
- “,‘~,:.‘~*.;I../;,,,::.~‘l,.~.~ ,i 

UNCLASSIFj~~ - 

RESEARCH. MEMORANDUM 4b 
for the -r’ Ll ? 

ib 
: - 

P 
Air Materiel Command, U. S. Air Force 1.1 - 

::: 
.‘$: 

,_ Y .T <‘ ;y- , IuS ._- 

5 5’ ’ :; 
w - ..- 
4 ..: c 

2 z < ,--. b > 
ii4 
2 -.; 
4 ‘-I. L-.. 
d 2‘ 

I 
I q\W3%'D-m INVESTIGATION OF THf3 IOW-SPEED S'I!A!I'IC 
I 
i $J STABILITY AND CONzliOL C~TERISTICS OF 

I 4 
I A~DELOFBEtiEG-'776 
I 

2 i 
\ ,J 

I -z I : BY 
i I I I I I 
! 
I I I 
I I 1 I I I I 
t I I I I 

: 
6 ,I 
a! 

$$\ 
\ y 

1 9- 
0 

s 
..-I 

2 

1 

M. J. Quei,jo and W. H. Michael, Jr. 

Langley Aeronautical Laboratory 
Langley Air Force Base, Va. 

.; A 
? *- Yc , 
2’ ,<,“L 
- :u, L 

7, < -Y 
.:. :‘p 
-- . J t\ 
-: ,-:“( j ;; “. 
- \, LJ ‘j . 3 

-t p 
2-y 

iN&IONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 



,. 
NAC~~SL~W~~ 

:. ;,- ., i ,(‘_ 
NATIONAL ADVISORY~COMMITTRR FOR ARRONAUI'ICS 

. . :  

RE%ARCHMEMORANDUM; 

: for,the 
., .,, 

'Air Materiel Command, U. S. Air Force 
-.. ,, 

B INVESTI@TION OF THE LOWSPEED STATIC 
‘, ,. 

?j~!ABnrry,~ CONTROL CHARACTNRISTICS dF 

A MODEL OF BELL m-776. 

By M. 3. Queijo and,W. H. Michael, Jr. 

: 
., vy. " ,' 

., : ', -. L. ,.. 
Aii investigation has been made inthe Iaqley stability tunnel to 

determine'the low+peed static&ability and control characteristics of 
a model of the Bell m-776. The results of the investigation indicated 
that the'basic model configuration was longitudinally stable in the 

-16' to 16“ but that the stability was angle-of-attack range from about 
a minimum near O" angle of attack. The data,indicated an aerodynamic- 
center position about. 0.64 body dismeterebehind the center of gravity 
at lowangles of 'attack. 'Reduction in, the,,size.of the front. 
horizontalfins .increased the longitudinal stability. With 20 percent 
of the span of the normal front horigontal fins cut off, the aerodynamic 
center was about 1.04 bcjas diameters-behindthe center of gravity, and 
with'f?iront horiiontal fins having the sameareaas the front vertical 
fins, the aerodynamic center was 2.26 body diameters behindthe center 
ofgravity (at low angles of attack). '1 

,' 
With a simulated elevator deflection of 30°, the basic model 

configuration trimmed at about 11' angle of attack? and at this trim - 
point, the model was more'stable,, longitudinally (aerodynamic center 
1.33 .body diameters behind the center of -gravity); than at'the trim 
point with elevators undeflected. With elevators undeflected; the 
model was directionally. stable in the range of angles of attack 
from -1lO to 11'; however, with a simulated elevatgr deflection of 30° 
the model became directionally unstable at about 9 angle of attack, 
which'is lower than the angle of attack required for longitudinal trim. 

I -._ . 
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All forces and moments are given with respect to the system of 
wind axes shown in,figure 1. The origin of the axes is the center of 
g&ity of the model. The symbols and coefficients used herein are 
defiqed as follows:- \ 

>.” .--a i I) . . . . . ..I CLqm- ~‘.-- -l&f*, --&fficient. (-C/q+) ,.. c :. . ,. . .., . ~  

\‘. ‘. 

,_.~ ..~ _ 

2 : ,?ACABMSL~GO~ 

IBTJ3ODUCTIO~ ,,,.. . ,. " ,, ,. _ .,. ,. ._ ..- ., .__. I ..- _I.. . 

At the request of.the-Air Materie1.C ommand, U. S.,Air Force; the 
Langley stability-tuxql section has,conducted a w&$-tunnel 
investigation of the loTILe$eed static stability snd control charac- 
te$istics of 'a L-scale model of the Bell ~~-776. l?rel~y 'flight 

3.7 
tests (reference 1) 'of'an earlie,r~corifiguration had indicated . . 
longitudinal instability at low angles of attack at both subsonic'and 
supersonic speeds. uhpublished data from lawpeed tunnel tests (made 
in'the Langley~stability tunnel) of this earlier configuration also 
showed longitudinal instability at,'low angles of,attack, 

After results fram reference.1 were known, the Bell ~g-776~model 
Was modified to provide better longitudinal chaxx%cteristics. Before 
conducting flight,tests qf the model of the mcdified version, it was 
thought advisable to investigate both the,l~tudinal and lateral 
stability uharacteristlcs~by means of l-peed wind-tunnel tests. On 
the basis of previous eqerience it was believed that:these tests 
lwould rjrovide -inforn&ion directly‘applicable to flight& subsonic 
speeds and should provide at least a qualitative indication of the 
behavior~‘of~the'mode1 at' supersonic s@eeds.. ' "' -:. (:' ' .. 

The model used in this investi~tion was provided the'NACA by the 
m -776 contractor for tests at the pilotless aircraft testing station, 
Wallops Island, Va. The present paper gives results of an 
investigation which had as Its primary purposecthe determination of 
longitudinal and lateral stability characteristics of the model. A  
limited smount.of information on longitudinaland lateral contrcl 
.characteristics also has been obtained. '. :' .' ;- .:,;, 

,. '. , 
'. 

SyMsOISAI‘&COEEE'ICIENTS' 

. . 
.,'. 'D drag coefficient (D/qSF) 

, ..:; : .,.. ., 
,- ..-cY sid~force coefficient (Y/QSF) 
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' The tests of this investigation,w&e.maQ in the 6 by:gfoot., " 
curved-flow test section of .theLe;ngley stability tunnel. The model 

used was of: ap&oximately A- scale &&i was one ofthe models provided' 
-. ;. ',' '3.7 '. /. 

to NACA-.for flight~tests:,at'the pilotless aircraft testing station, 
WalloQs Island, va. 'The basic (nor&L) model configuration of the 
present investigation is showu.in figure 2. The body of the model was 
constructed primarily of balsa wood and contained metal castings into 
which metel fins were securely bolted. A steel tube was inserted in the 
body of the model andwas clamped tightly in position. The tube was 
then bolted to a single strut supportwhich was in turn fastened to a 
six-component balsnce system. A drawing of the model in the Langley 
stability tunnel-is-given as figure.3. I '. o '.. ,' 

Three'sizes of front horizontal fins were used 'in this ', 
investigation: the norm&l fins, the normal fins with 20 percent of the 
exposed span cut off at the tip.s, and small finswhich were the same 
size as the. front vertical fins. The dimensions of the various front 
horizontal finsare give? in figure 4. :, '. 

None of the fins supplied with the model had moveable control 
surfaces; hence, iti,order to,obtain some indication of the elevator and 
aileron effectiveness, wedges were made which could be attached to the 
surfacesto~simulate full-span control deflections (fig.'5). 'The wedge 
chords were 25 percent of the wing chords. The elevators of this model 
were on the.front horizontal fins, and the.ailerons wereon the rear 
vertical fins. 

In addition to the wedges, a new set of rear vertical fins were 

built. These fins were made up of a '1 z-inch-thick sheet of duralumin 
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ssndtiched between two sections of balsa wood so that the over-all fin 
d imenskons were the ssme as those'of the original vertical fins. The 
duralumin sheet was perforated along the three-quartemhord line so 
that it could.be .bent there to simulate defledtfons of a  full-span 
quartevhord plainflap. The gerforations were plugged durin& the 
tests. The- details of the built-up fins are shown 3n figure 3.: 

‘. 
‘J”‘-JS -+.::. ;:,.. .’ 

/ 
.: 

!Pwo series of tests were,made,one to determine the .static 
longituddnal.stability and control chE&cterist$cs,,of the model,and the 
other to ,determine.the s~at~o',a~;teral:.stirbility and,ooiitrol charac- 
teristice.. Inorder to obtain a  complete~~evaluation of the forward and 
rear fins, teats were made.of the cvplete modeli  the model  yith forward 
fins removed, and.the.,model with,the,,.rear fins removed. 'The charac- 
teristics of. the bodjr alone .,also :y&ye obtained.,.,z'!Z + :.A ::. .',. ,: .'.. ., :,;+ :;.,:::,, :::.:y,,,: .' ,. 

" ,.,, '. '..*. . . . . 
..~'~~~-~~:'test~l.:were made:by pi&i& the:modei afterit had 

behh j.o$ate& 90, -&b&t it's ~y+tu+&: '-s&s .,- .' mcf:/I " :k .: i 
.' ,,. .',' _  ,', ,' :. ., ,, 

,_ "All tests but"the'a&r&i t,ests'~re made ~5th: and.without the 
.duximq strut and fafrIn& !Che~ aileron~;tests ,&re ,&ade‘.yith the liidaei 
mounted on its side'and with the rearhorizontal fins removed in order 
to ~elimi&ite 'support&&rut interference effects as completisly as 
possible. Various angles bf attack'were obtadned by yawing the model  
in:the tunnel. Because 'of the instability of the model.with,the rear 
horizontal,fins removed, severe.osc,il lations started at angles:Of 
attack.of about To.; ,hence resu.Jtsare presented onli for a&Les.'of 
att=k, UP to 6% 

. 
: : 'I ,_ 

,. -, : 
.I_ ., s, : ..,' 

'. ../. 
.~.:,, 

21 tests were made at a  dynamic press&of 6413 poundstir square 
foot, which corresponds to a  Reynolds nuzibdr. of about-.7CO,OCO (sea- 
level conditions) based on the maximumbod$ diameter, (-6.473'ft,).: 

:, 
., :’ 

,’ 

~coRREcTIoNs ‘1 

'Corrections were applied to ali the data (e&e@ ailerontest data) 
to aLcount-for sup-Jjort+trut interfb-ence. No corrections were applied 
tothe aileron data because the ailerons were always yell above the 
support strut and hence corrections were bel ieved unnecessary-.  The 
pitchin&uoment and yat ing-moment coefficients were,corre&ed for 

: : ,. I 

- .' 
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a  ~ 'je ~ ;;b ‘6 u n d ;ary-..eff~ ~ te- (de termined. .by  u s e  a f re fe rence  2 )  a @  th e s e  
cor rect ions (g iven  in, the fo l l ow ing  tab le )  w e r e  a d d e d  to  th e  ca lcu la ted  
c o e fficients. 

‘! ; 

Hor izonta l  fins  

: Front  R e a r  

'. No r& l  NOZi l iE iL  

20-pe roen t  cut N o r m a l  
.' -ml  N o r m a l  

N o n e  No r& l  
N o r m a l  N O IN 

2 O - q e r c e n t b u t N o n e  
i3qlKl . l  '. N o & , 
No r& l  NOXl t lEL l  

: l bzba l  N o r m a l  
N0I.h N o n e . 

L  

Front  

N o r m a l  
N o r m a l  
N o r m a l  
N o r m a l  
No?mis l  
N o r m a l  
N o r m a l  

N o n e  
E J 0 +  

N o n e , 

V e r t ical fins  

R e # e x  : 
N & m lii 
No r& l  
N o r m a l  
N o r m a l  
N o r m a l  
N o r m a l  
N d r m a l  
N o h u t+  

N o n e  
N b n e  

-l!hf. ang les .  o f a ttack .a ;nd o f y a V  w e x + e .coq-ecte l  
:m o d e l .su q o r z  stq t . _ , 

L  for fle j  

r  

a C m  =  k la  

kl  

0 ;0 4 5 3  
0 0 4 3 5  .::;;z; 

- . 0050$  ‘) 
- . oq363  
- . 000664  

.0 4 5 3  
A 4 5 3  

0  

%  
=  kg  

%  

0 .0 0 8 5 3 ~  
l ~ 8 5 3  
.0 0 8 5 3  
.0 0 8 5 3  ..’ 

.0 0 8 5 3  

.0 0 8 5 3  
..0 0 8 5 3  
0 0 0 5 7 3  

-. 0 0 0 6 7 3  
:o .<  

.’ 

,, _ ‘, 

bility o f th e  

R E S U ITS ‘A N D  D IS C C S S IO N  

P resenta t ion  o f Resu l ts  

.’ 

A ll d a ta  a &  p r e s e n te d  a b o u t th e .w ind axes  (fig, 1).  T h e  
" long i tud ina l  stabi l i ty.character ist ics o f severa l  m o d e l  c o n fig u r a tio n s  

a re  s h o w n  in  figu res ' 6  to  8 ; T h e  var ia t ions o f d o w n w a s h  & g l e  wi th 
" a n g l e  ,o f a ttack  n e a r  ,th e  rear  h .or izonta l  fins;  c a u s e d  by  th e  front 

hor izonta l  fins,  a re  s h o w n  in  fig u r e  9 . T h e  e ffects, o f s imu la ted  
e levator  d e flec t ion  o n  th e  long i tud ina l  character is t ics a re  sham- in  
figu res  1 0  e n d  1 1 . In C r e u te n ts o f sec t ion  lift c o e ff icient resu l t ing 
f rom var ious‘d e flec t ions o f p la in  a n d  spl i t  t ra i l iug-edge fla p s  (da ta  
f rom-re fe rence 3 )  a r e s h o w n  in  fig u r e  1 2 . T h e s e  d a ta  a re  u s e d  to  
eva lua te  th e  resul ts  o b ta i n e d  by  s imu la t ing  c o n trol d e flec t ions by  m e a n s  

:L a te ra l  a tabi l i ty. t iharacter ist ics fo r  va r ious  c o n fig u r a tio n s  a re  
s h o w n  in, f igure 1 3 ;.a u d  fig u r e  1 4  s h o w s  th e  var ia t ion o f s i dewash .aug le  
wi th a n g l e  o f y a w  in. the vicini ty o f th e  rear  vert ical  fins  o f th e  
c o m p l e te  m o d e l . T h e  la tera l  stabi l i ty character is t ics fo r  th e 'bas ic  
c o n fig u r a tio n  a t va r ious  a u g l e s  o f a ttack  a n d  a n g l e s  o f y a w  a re  g i ven  in  
figu res  1 5  a n d  1 6  fo r  ze ro  e levator  d e flect ion.  T h e  a e r o d y n a m i c  
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t Longitudinal Characteristics ; ', ', 
Stability.- The longitudinal stability characteristics of several 

'configurations~~e shown in figure 6. The ,data show that the complete 
&ode1 with normal fins is longitudinally stable in the angle-of-attack 
range from -16O to 16O. The pitchin@mnent curve'(jjlotted.a&list 
angle of attack) for the normal coiifiguration'ie n&il.inear, and the 
stability is lo&r near Oo angle of attack. Reduction in the area of 

'the front horizontal fins.increased the stability,and tendedto Fe 
.' the pitching+ument curves more litiear. : 

, :' 
The pitching-mament data for three c&pl.ete configuratione~are 

replotted a&in& lift coefficient in f1g.me 7. 'These curves gre 
.I -,,somewhat qore linear than,the qq?ves.of (Z,,,against ,,". because 

the CL-%gainst-c& data showed noriLinearities:simi~,to the ~. 
_I_ 

‘. 

.7x’ -..+- 
6. 

&?j 

j_. 
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characteristics of the basic configuration w&h simulated elevator 
defle,Ctioti are 'presetited ifi'figure 17. In figure 18 are shown the 
lateral stability derivatives CY , 'Ct 

If *' 
and C% (obtained from the' 

data of figures 16 and 17) for the basic confi&tion with elevators 
neutral and deflected 30°. Increments of rolling moment produced by 
aileron deflections are shown in figure lg. 

;j.: ” 
,.’ 

i, ,I., ,I 

,: :. 

1 :;, 
:  

‘, 
;.“- I  

.’ 

. :  , :  

:_,  h’ 

_ . . ,  ,_“. .  ..,. 

- 
C,&gainst4 data. The slopes of the pitching-momsnt curves of 
figure 7 (measured at CL = 0) indicate aerodynamic-center positions 
of 0.64, 1.04, and 2.26 body diameters behind'.the center of gmvity 
(mounting point) for the,model with normal front horizontal fine>: :,:<,; : 
20-percent cut fins, and small fins, respectively. 

Data obtained. for various model configurations &th,the rear 
horizontal fins removed are presented in figure 8. The data of the 
pitchibg-moment curves of figures 6 and 8 have been used to calculate 
the effective downua sh angle in.the vicinity of the rear horizontal fins 
( fu3. 9.1 l This is referred to as the effective%%nwash angle sitice‘no 
attempt has been made to account for any possible effects of the fo-d 
fins on the dynamic pressure at the rear horizontal fins. The results 
presented in figure 9 show that for the model with normal fins, the 
doumashangle 6 varied rapidly with angle of attack for valuesof a 
near O". It.appears, therefore, that the nonlinearities observed in the 
pitchin&noment 'curves of figure 6 result largely from the variation "65' $.--~sf -? ;.tith' .-* . of ..__ attti..k.. 

,f coe.d.- The effects on CL, CD, and Cm of simulating 811 
elevator‘deflecticm by adding 30° wedges to the forward horizontal fins 
are shown in figure 10. The increments in CL and Cm caused by the 
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0 
wedges. are shown in figure 11. J?or positive angles of attack'up to 
abtjut 12O the wed&es produced almost constant increments in pitchilig- 
moment coefficient and lift coefficient. 'In the.ne&tive angle-of- 
attack range, the pitch ing-mamsnt i&r&ent shows a large'decrease as 
the angle of,attack is made more negative. It,is believed.that &dies 
provide a more valid indication of plain-flap deflections when the angle 
of attack and ilap deflection.'are of the seme sign. ., .-:. ._ 

Since the elevators. of the fu&&cale missile are &the plai&- 
flap type, it is necessary to determim the relative effectiveness of 
wedges and plain,~flapd, It is known that tiedges.&nerally exhibit the 
SF aer.odynamic chara&teristics as split flaps; hence if the .relative 
effectiveness. of plain'flaps and split flaps is lmti, theti,the'relative 
effectiveness of plain flaps and wedges can be found. 'A comI&risoil of. 
the, effedtiveness of plain flaps and split flaps, ,as.determixied from 
two-dimensional data, can be obtained fro& reference.2, and such a 
comparison is'presented herein as figure 12. ,Ihe'figure corn&ares. plain 
and split-flap effectiveimssfor various flap ..deflections and.!au$.es of 
attack. For'deflections .of',3Oo; the two types of flaps have..about the. 
same effectiveness, and for &mller~‘deflections the plain flaps are 

,more.effective than split flaps. For positive angles of attack; 
therefore-, it might be expected thirt:'30° wedges provide almost, 

-same -effectivetiess.as 30° -deflection of"plain':fl.aps..' iith JO"- 
the-',‘ 

simulated flap defledtion, the'model trims at ab'out 11' angle of attack 
aud has greater~ldngitudinal stability at this trim pjoint.(aerodynamic- 
center 'psition located 1.33 body diameters be&d center of &avity)' 
than at.the %rim point with 0' flap deflection.'. x : 

. . ‘. 
,’ 

‘. 

Lateral Char&terietics. 

Stability.- The,lateral stability characteristics of. several model 
configurations at zero angle of attack are shown in figure 13. The 
completen>mdel (normal configuratioxi) is directionally stable at 
angle of attack, in the yaw range from $ = -14O to $ = 14O, but 

zero ', 

stability is a minimum at O" angle of'yati. The data of figure 13 were 
used to compute the effective sidewash angles in the vicinity of the 
rear.vertical fins, and the results are shown in figure 14. The figure 
shows the largest vqiation.of sidewash angle\with'angle of yaw in the, 
ya* range from J-to-to 4O. For larger positive yaw angles the sidewash 
angle is very nearly 'constant.. It appears,' therefore., thatthe. 
nonlinearity of.-the curve of- C, against q for the basic configui 
ration results'laqely .fram the sidewash'angle. 

The lateral stability characteristics'~f the normal configuration 
at various~angles of attack are shown in figure 15. The model appears 
to be almost'neutrally stable at angles of attack of about 5;2O. The 

%sicllloiuu; : 
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unsymmetr ic 
probably is 
the. support 

appearance of the roll ing+uoment 
caused by inability to eliminate 
strut 'i 

curves of figure 15 
completely the effects of 

Data obtained by pitching the model  through an angle-of-attack 
range for.an&les of'yaw of O", and k5' for elevator deflections of O" 
and 30° are shown in figures 16 and.17, respectively. .The ,lateral- , 

-stability derivatives C, , C2 , and C obtained from these.data are 

.Dresented in figure 18. 
%  

81th &evato& neutral, these results (fig. 18) 
tionfirm a point previously~noted 

:becomes neutral near a  
- thatthe di~ectional.stability 

= ilO?., Beyond these-limitis the model  is 
'directionally unstable., Deflection of the elevators tended'to reduce 

. . 

the directional stability at ljdsitive angles.of attack, and.thus 
neutral stability was obtained at about go. This result isin agreement 
with results of tests (un$ublished).from the Langley free-flight tunnel, 

-which showed that an increase ,in ' incidence of:the ,forward horizontal 
tail'of a  canard-type modeltended.' to~redu+the ,et~bilizing'-effect'of 

,is. vert~caLta3.1 located &t'the rea$ of &model;  "!l?$e data for this 
modei  .indicated directional lustability 'in the tMmmed'con~it, iofi with 
jOo- elevator deflection.- '. : ,' 

.,:. ". '..,' . . . . . . . . ". ._.,. 
Control.+ The lateral Cdntrols (aile~o&) w&e investigated 1  .% 

briefly. Deflectlops of ai lePons.on the built-up rear vertical fins 
resulted in the incre'msnts of'roll ing+tmment coefficient shown in 
,figurb Q(a). Variations in.angle.'of.attack up to 6O appear to be of 
little importance. Com~isou of the increment of roll ing-moment coef- 
ficient obtained by 15" deflection of the ailerotis on built-up fins and 
the increments obtained with 15' wedge&are shown in figure 19(b). 
Wedges  produced about the same effect on either the normal or the built- 
up fins, but in either case, the wedges 'were only.about~tmhirds as 
effective as the plairr-flap type of aileron. The com~ison of 
effectiveness of plain and'split f laps given in figure 12 (for a  = O") 
indicates that the increinent in rolling‘moment  obtained by wedges should 

'be lower than that frm  plain flaps;.however, test results with wedges 
were even lower than expected. 

It should be remembered that the-aileron tests were made with the 
rear horizontal fins removed in order to eliminate the effects of 
support interference as'completely as possible. The effe&tiveness of , 
the ailerons in the presence of the rear horiztintal fins would be 
expected.to be'slightly lower than that'obtained (because of the 
interference of the rear horizontal fins). .I. 

II - ~----. .--.- _ -_----_ _ - ..- 
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t. - . CONCLUSIOUS 

The results of tests made t&determine the lowspeed stabilits and 
control character1st1c.s of a.model of 
following conclusions: 

the Bell =-7$have led to the 

1. .The basic model  configuration 
angle-of-ttack rauge from about -1.69 
m inimum xiear O" an@ of attack. The M . 

, 
is longitudinally~.stable in the 
%0’16’, but the .stability was a  
data indicate an aerodynamie- 

'~c.enter position about 0.64,body diameters. 'behiud the ce@ter of gravity 
at low angles of 'attack. I 

..' ., 
2. Reduction in the'size.of,the front horizontal\fit is~increased . 

the',longitudinal stability. The normal. front h&izontal,fins with 
20 percent of the exposed span cut off and the s.n+Ll front horizontal 
fins showed aerodynamic-center posit ions of l.,O4:a;sd 2.26 body diameters 
behind'the. center of gravity, respectively. ~ 

3. W ith~.a~'simulated elevator deflection of 30°, the airplane 
trimmed  at aboutll" ax@e of attack, -and at this trim  point the model  
was more stable, longitudinally (aerbdy+gic+eqter position located'. 
i.3.3 body diameters behind center of gravity) thau'atthe trim  point 
with elevators undeflected. 

4. The model  was directionally stable; with elevators neutral, in 
the angle-of-attack range from -11 to 11' and was unstable outside 
this range. W ith,-elevators deflected 30' the model  became directionally 
unstable at aboutgo angle of attack, which is lower than the tigle of 
attack for~longitudinal trim . 

Langley:.A?~oliauticai'Iabo~tory 
National Advisory Co@ittee~'for,Aetionautics 

.I' ,. Langley,Air For&Base, Va. 
.(’ ‘, 

- 
: 

..,‘. 
,., *ji&h 

Aeronaut&l Research Scientist .,;- .-. . . 
Aeronautical Engineer 

il*f 

ThomasA.Hati is 
chief of Stability Research Division 
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